"Haemophilus somnus" causes a variety of clinical syndromes in cattle, including thromboembolic meningoencephalitis, arthritis, pneumonia, and reproductive failure. Both pneumonia (R. P. Gogolewski, L. B. Corbeil, C. W. Leathers, and H. D. Liggitt, submitted for publication) and thromboembolic meningoencephalitis (6) have been well characterized and reproduced experimentally, but reproductivedisease syndromes have been less well defined. "H. somnus" is incriminated as a cause of abortion on the basis of isolation in pure culture from aborted fetuses (15) and by reproduction of the disease by intra-amniotic challenge with "H. somnus" (8) . However, challenge by this route cannot measure the capacity of the organism to cross the placenta and avoids the potentially protective effect of a systemic or local immune response. The ability of "H. somnus" to survive systemically and cause lesions in the central nervous system and joints (6) suggests that hematogenous dissemination may be responsible for the sporadic abortions caused by "H. somnus" in the field. Panciera and co-workers (10) observed that respiratory disease may precede outbreaks of thromboembolic meningoencephalitis, suggesting that the respiratory tract is a principal site for systemic invasion by "H. somnus." Conversely, the significance of an ascending route of infection in the pathogenesis of "H. somnus"-induced abortion is equivocal, since most normal bulls (4, 5) and 10 to 28% of normal cows (12, 16) carry the organism on the genital mucosae. On this basis, animals in this experiment were challenged by intrabronchial (i.b.) or intravenous (i.v.) inoculation with "H. somnus."
The bovine immune response after systemic or mucosal infections with "H. somnus" is not well defined. The aim of the present study was to investigate the role of systemic infection with "H. somnus" in the etiology of bovine abortion and to monitor the systemic isotypic immune responses before and after "H. somnus" infection in cattle.
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MATERIALS AND METHODS
Bacteria. The isolate of "H. somnus" (649-4) used in this study was recovered from the stomach contents of an aborted bovine fetus. The organism was stored in phosphatebuffered glycerol at -70°C, and from initial isolation, it was passaged a maximum of four times on Columbia blood agar plates. Challenge inocula were prepared by two passages in yeast extract (10 g/liter)-RPMI (11 g/liter) culture medium supplemented with thiamine monophosphate (10 Bacterial antigens for serology. To assess the validity of comparing antibody titers measured by MAT and by ELISA when different isolates of "H. somnus" were used as the antigen, the reactivity of the HT serum for the ELISA antigen (649-4) or MAT antigen (L1034-8025) was compared by immunoblotting (14) . Bacterial samples (approximately 5 x 108 CFU/ml) were boiled for 3 min in sample buffer containing 5% ,-mercaptoethanol. Discontinuous sodium dodecyl sulfate-polyacrylamide gel electrophoresis in 1.4-mm-thick slab gels used stacking and gradient gels of 5% and 7.5 to 15% polyacrylamide, respectively. Electrophoresis was performed at a constant current of 30 mA for 4 h. After electrophoresis, the gel was equilibrated in transfer buffer (25 mM Tris and 192 mM glycine [pH 8.3] with 20% methanol) for 10 min, and the separated bacterial antigens were transferred to nitrocellulose at 70 V for 3 h (14) . The blots were then incubated overnight at 4°C with HT serum diluted 1/4,000 in 0.02 M Tris-buffered saline (pH 7.5) containing 0.05% Tween 20. After two 10-min washes in Tris-buffered saline-Tween 20, bound antibody was detected by incubation with goat antiserum to bovine IgG (heavy and light chain) conjugated with peroxidase (Kirkegaard and Perry Laboratories, Gaithersburg, Md.) followed by substrate (0.05% 4-chloro-1-naphthol, 5% methanol, 0.015% H202)-
RESULTS
Clinical response. The outcomes of the 19 pregnancies are recorded in Tables 1 and 2 . In all, 10 animals calved normally, 2 cows unaffected by challenge were aborted by prostaglandin administration 17 days after challenge, 5 cows challenged i.v. and 1 cow challenged i.b. aborted or resorbed fetuses. The gestational ages at challenge of the five aborted fetuses among the cows inoculated i.v. ranged from 3.5 to 6 months ( Table 1) . The cow inoculated i.b. that resorbed its fetus (cow 1) was 1.5 months pregnant at challenge (Table 2) .
Bacteriology. Culture of nasal and vaginal swabs prechallenge and at 1, 2, 5, and 30 weeks postchallenge resulted in "H. somnus" isolation in low numbers from cows P2 and P4 prechallenge and in sporadic isolation from cows 1, 5, 16, 21, and 17 postchallenge (Table 3 ). In addition, the mucosae of cows 1, 5, 17, and 21 were swabbed at 24 or 27 weeks postchallenge. At this time, endometritis was diagnosed by rectal palpation of cow 17, and "H. somnus" was isolated from uterine and vaginal swabs in heavy, pure culture at 27 and 30 weeks from cow 17. This was the only animal for which culture-positive "H. somnus" endometrial disease was detected, although persistence of the organism in the uterus of cow 21 was suggested by culture of "H. somnus" at the second abortion 5.5 months after challenge.
After abortion, "H. somnus" was isolated from the genital tract or from fetal tissues in high numbers for i.v.-challenged cows 4, 5, and P2 (Table 1 ). In addition, cow 5 was septicemic with "H. somnus" at abortion. The culture of fetal and maternal tissues from cow 17 was complicated by a protracted abortion (>18 h from the onset of cervical dilation), so that heavy overgrowth of all tissues by Escherichia coli and Corynebacterium pyogenes compromised the identification of "H. somnus." However, 27 and 30 weeks after challenge (Table 3) , "H. somnus" was isolated in heavy, pure culture from uterine and vaginal swabs of this cow. Since abortion was not observed in cow 21, no cultures were done at the time of the first abortion. However, "H. somnus" was recovered from the subsequent fetal resorption 5.5 months after challenge. "H. somnus" was not isolated from the reproductive tract of cow 1 after fetal resorption because the uterus of this cow could not be swabbed until the onset of cervical dilation some 8 to 15 days after fetal death (18 days after challenge).
Cow 4 died 4 days postinoculation, shortly after abortion, because of a ruptured uterine wall after surgical replacement of a uterine prolapse. As a result, the dissemination and persistence of "H. somnus" in maternal tissues could be monitored. "H. somnus" was isolated in heavy, pure culture from the uterine horn and in heavy growth from caruncles (maternal placenta), vagina, and fetal placenta. Low numbers (<10 colonies) were also cultured from the brain, trachea, and bronchus. The organism was not isolated from swabs or tissue samples of meninges, cerebrospinal fluid, spleen, urinary bladder, pericardium, liver, kidney, or lung.
To determine whether subclinical "H. somnus" infection of the fetus, placenta, or maternal reproductive tract occurred in animals which did not abort, cows 8 and 13 were aborted with prostaglandin 17 days after challenge. No "H. somnus" was isolated from fetal tissues or maternal genital secretions at induced abortion (Table 1) .
Antibody analysis of all fetal fluids for infectious bovine rhinotracheitis virus, bovine virus diarrhea, parainfluenza 3 virus, B. abortus, Leptospira spp., and Campylobacter spp. were negative as were viral isolations from all aborted fetal tissues.
Pathology (aborted) (cows 1, 4, 5, 17, and 21), group II (i.v. challenged, no abortion) (cows 2, 8, 13, 16, R4, P1, and P2), and group III (i.b. challenged, no abortion) (cows 3, 10, 12, 14, 15, P3, and P4). The results for cows P2 and P3 after the second challenge were omitted from this analysis because of the complication of prior challenge affecting the antibody titers. To determine whether there was an association between antibody titer and abortion, prechallenge titers of the aborting (group I) animals were compared with prechallenge titers of the nonaborting, i.v.-challenged (group II) animals. Antibody titers measured by MAT were significantly lower (P < 0.02) in cows that aborted than in those that did not abort. There was no significant difference between group I and group II in IgGl, IgG2, and IgM prechallenge antibody titers, although group I IgG2 titers (mean, 42) were lower than either group II (mean, 60) or group III (mean, 61) titers. The distinction between group I and group II cows in antibody titers measured by MAT extended into the early postchallenge period as well, with significantly lower titers in aborting animals at weeks 1 and 2.
The temporal response to challenge measured by MAT or ELISA was comparable among the three groups of cows. By MAT, the peak titer was at 1 week postchallenge. Similarly, IgM titers peaked at 1 week postchallenge, and by 30 weeks they had returned to twice the prechallenge levels (Fig. 2) . Peak IgGl titers recorded 2 weeks postchallenge were approximately eight times higher than prechallenge levels (Fig. 2) . IgG2 titers were approximately six times higher than prechallenge titers at 2 weeks and peaked (10 times prechallenge levels) at 5 weeks. By week 30, IgGl titers had declined to three times prechallenge levels, whereas IgG2 titers were still approximately six times prechallenge levels (Fig. 2) . DISCUSSION The results of this study show that "H. somnus" plays a role in the etiology of bovine abortion, as was previously suggested by isolation of the organism from field cases of abortion (15) . Of 11 cows challenged i.v. with "H. somnus", 5 aborted, and the one resorption among animals challenged i.b. was attributed to "H. somnus", since the resorption occurred at the same time postchallenge as the other abortions. The fact that "H. somnus" was not isolated from the uterus of this animal is not surprising, since a uterine swab could not be obtained until well after resorption. Isolation of the organism from aborted tissues or genital secretions incriminated "H. somnus" in the etiology of all the other abortions. Thus, "H. somnus" is capable of surviving in the bloodstream and localizing in the pregnant uterus and fetal placenta after hematogenous dissemination.
In deciding on the route of inoculation, we selected the i.b. route because a respiratory site of entry for septicemia was proposed (10) . Although fewer i.b.-inoculated animals than i.v.-inoculated animals aborted, this does not rule out a respiratory origin for the hematogenous dissemination of bacteria. Both i.v. and i.b. groups received a bolus of 1010 "H. somnus." However, not all these organisms would reach the bloodstream in animals inoculated i.b., so the effective dose for hematogenous dissemination was less in the group inoculated i.b. than in the group inoculated i.v. During naturally occurring pneumonia in compromised animals, continuous systemic invasion may result in a high cumulative dose leading to disseminated disease. Although under natural conditions cattle would not receive one large infective bolus i.v., a chronic-disease syndrome may be the source of a persistent bacteremia which could ultimately result in a total inoculum reaching the placenta comparable to our challenge dose.
The bacteriological findings on necropsy of cow 4 indicated that the abortions recorded in this study were a result of "H. somnus" infection rather than endotoxin challenge in the bolus inoculum. "H. somnus" was isolated in high numbers from maternal genital tract tissues, including the caruncles, uterus, cervix, and vagina, as well as the placenta, with low numbers recovered from the maternal brain 10 and lung and no isolation from other tissues. Thus, there was significant replication of "H. somnus" in the gravid uterus, suggesting that abortion resulted from an active infection. The somatic distribution of bacteria in cow 4 at necropsy reflects the pathogenesis of "H. somnus" infections. Isolation of the organism from the central nervous system and the respiratory and reproductive tracts after i.v. challenge, with no isolation from other systemic sites, parallels the range of disease syndromes caused by "H. somnus" in cattle, with central nervous system, respiratory, and reproductive involvement predominant (6, 10, 15) . Greater colonization of the pregnant uterus compared with the respiratory and central nervous systems may be related to the original isolation of the challenge strain from an aborted fetus. The presence of vascular changes, ranging from mild thrombosis to severe neutrophilic vasculitis in all three placentae examined, provides further evidence that "H. somnus" was involved in the etiology of these abortions, since vascular changes are consistent features of "H. somnus" disease (6) . For example, the most characteristic histopathological feature of thromboembolic meningoencephalitis is vasculitis, with thrombosis, endothelial degeneration, and accumulation of neutrophils in the vessel walls and the adjacent neuropile (6) . Acute, experimental bovine pneumonia caused by "H. somnus" displays similar degenerative changes in the pulmonary vasculature (Gogolewski et al. submitted).
The predominant lesion in aborted tissues in this study was a placentitis, characterized by vasculitis, thrombosis, and infiltration of neutrophils. These lesions are similar to those reported for a field abortion due to "H. somnus" (15) . Fetal involvement in the abortions in the present study was minimal. "H. somnus" was isolated from the stomach contents of only one fetus (Table 1) , no histopathological lesions were identified in any of the aborted fetuses, and two fetuses were alive shortly after abortion. It is likely that abortion occurred solely as a result of placentitis from the one large bolus of organisms delivered i.v. rather than from the prolonged, low-level bacteremia likely to occur in field conditions, which generally causes placentitis with fetal infection (15) .
The immunological data are given as results of both the MAT and isotype-specific ELISA. We used the MAT because it is the test offered in the Washington Animal Disease Diagnostic Laboratory serology laboratory. This test uses as the antigen a mixture of strains 8025 and L1034. The ELISA was performed with antigen from the challenge strain to measure homologous titers. Titers determined by MAT and ELISA were compared to study the relative value of these tests. Since antigenic profiles of the two antigen preparations are similar by immunoblot (Fig. 1) (9) and in pneumonia in newborn calves (2) . The importance of IgG2 in defense against such bacterial infections may be related to the fact that IgG2 is a better opsonin that IgGl (3, 7) . Opsonization is considered important in defense against "H. somnus" infection (11) , and systemic immunization was shown to be protective against experimental "H. somnus" thromboembolic meningoencephalitis (13) , although isotypic antibody titers have not been reported. The high IgM titers before challenge and the small increase in IgM titers after challenge parallel the findings for other gram-negative infections, including those of the bovine genital tract such as Campylobacterfetus (1) . This IgM response is thought to be a cross-reactive natural antibody to gram-negative outer membrane antigens (1) . MAT titers also were high before challenge with little increase after challenge. Since IgM is a good agglutinin, the MAT titers may be largely due to IgM. Although both the MAT and ELISA for IgM are quite sensitive, the high titers before challenge and the small increases after challenge indicate that these assays would not be as useful for diagnosis as IgG2 titers measured by ELISA.
In conclusion, this study indicates that "H. somnus" can cause bovine abortion by the hematogenous route. Analysis by ELISA of the humoral response to challenge shows that the most persistent antibody response after challenge is of the IgG2 isotype. This response may be useful diagnostically and is likely to be important in protection.
